Summary .-Some hemiparetic patients walk asymmetrically. To better understand the mechanisms of this defi ciency, the perception of locomotor symmetry was investigated in healthy elderly individuals. 16 participants (6 women, 10 men; M age = 70.9 yr., SD = 4.1) walked on a split-belt treadmill either at a self-selected or imposed gait speed. The speed of the two belts was initially similar (or diff erent) and then gradually diff ered (or matched), so participants had to detect the point of perceived asymmetry (or symmetry). The results revealed that thresholds occurred when the belt speed ratios were .88 and .85. Initial gait speed did not aff ect the threshold. The parameter that correlated the most with belt speed asymmetry was stance time of the parameters measured. Future studies will investigate whether stroke aff ects gait symmetry judgments.
Many people with hemiparesis after a stroke perform functional activities asymmetrically ( Bohannon & Waldron, 1991 ; Patterson, Gage, Brooks, Black, & McIlroy, 2010 ) , e.g., an asymmetrical pattern has been reported during standing ( Bohannon & Waldron, 1991 ) , sit-to-stand/stand-to-sit tasks ( Lecours, Nadeau, Gravel, & Teixeira-Salmela, 2008 ; Brière, Nadeau, Lauzière, & Gravel, 2012 ) , and gait ( Olney & Richards, 1996 ; Patterson, Parafi anovicz, Danells, Closson, Verrier, Staines, et al ., 2008 ) . More specifi cally, 48% to 60% of post-stroke individuals walk with temporal asymmetry ( Patterson, et al ., 2008 ( Patterson, et al ., , 2010 , while 33% to 49% present step length asymmetry ( Patterson, et al ., 2008 ( Patterson, et al ., , 2010 Balasubramanian, Neptune, & Kautz, 2009 ) .
Currently, no consensus exists on the criteria to defi ne an asymmetric gait pattern. Patterson, et al . (2008 ) proposed ratios lower than 0.9 or higher than 1.1, while others considered gait asymmetry when signifi cant diff erences were found between sides ( Griffi n, Olney, & McBride, 1995 ; Hesse, Reiter, Jahnke, Dawson, Sarkodie-Gyan, & Mauritz, 1997 ; Sadeghi, Allard, Prince, & Labelle, 2000 ) . More recently, Patterson, et al . (2010 ) analyzed spatio-temporal asymmetry in 161 post-stroke individuals and 81 healthy individuals to identify normative values of gait symmetry and proposed the following defi nition: post-stroke individuals' gaits are asymmetric when the asymmetry values fall outside the 95% confi dence interval of healthy subjects. In light of their analysis, the upper confi dence interval limit for step length ratio, stance time ratio, and double-support ratio were 1.08, 1.05, and 1.04, respectively.
According to some authors, individuals with hemiparesis do not perceive themselves as asymmetrical while standing ( Bohannon & Schaefer, 1990 ) or when executing sit-to-stand transfers ( Brière, Lauzière, Gravel, & Nadeau, 2010 ) . Recent research found that individuals with chronic hemiparesis had greater errors of perception during sit-to-stand transfers than healthy individuals (eff ect size = 0.33) when asked to estimate weightbearing distribution . No such data exist for gait, although locomotor perception is important in rehabilitation and gait interventions (e.g., when therapists cue patients to walk with a more symmetrical step length). Until now, the important factors underlying the perception of locomotion have been relatively unknown ( Ivanenko, Dominici, Daprati, Nico, Cappellini, & Lacquaniti, 2011 ) . Proprioceptive, visual, and vestibular inputs are probably very important in perceiving locomotor symmetry. Previous studies suggested that aff erents from load receptors and the straight-ahead sense mechanism could infl uence the perceived illusion after walking on the splitbelt treadmill ( Jensen, Prokop, & Dietz, 1998 ; Marques, Colombo, Muller, Dursteler, Dietz, & Straumann, 2007 ) . Nevertheless, other factors such as gait speed and the length of the limb segments, which is independent of joint angles and muscle length ( Gandevia, Refshauge, & Collins, 2002 ) , might also play an important role.
Understanding the perception thresholds of gait symmetry and their relationships with gait parameters in normal healthy individuals can lead to improvements in patients' rehabilitation protocols. Thus, the present study had three objectives: to determine the perception threshold of gait symmetry and asymmetry when the gait speed was either self-selected or imposed, and when the diff erences in belts' speed gradually increased or decreased (see Method for details); to determine which particular parameters of gait speed (e.g., stance time, double-support time, ground reaction forces) aff ect the symmetry of the perception threshold; and to quantify the inter-subject variability of the perception threshold.
Hypothesis . The threshold for detecting locomotor symmetry will be when the belt speed ratio is between 0.80 and 0.90. At this threshold, at least one of the gait parameters will reach the asymmetry cut-off value established by Patterson (1.05 for stance time or 1.04 for double-support time) (Patterson, et al ., 2010 ) .
METHOD

Participants
A convenience sample of 16 healthy elderly individuals participated in this study. The inclusion criteria were as follows: no pain in the lower extremities or the trunk, no orthopedic, cardiac, or neurological conditions that could interfere with gait, and the ability to tolerate at least 3 hours of activity with rest intervals. The sample included 6 women and 10 men, M age = 70.9 yr. ( SD = 4.1, range: 68-74), M height = 1.66 m ( SD = 0.08), and M weight = 66.8 kg ( SD = 10.4). The local ethics committee approved the experiment and all participants provided written informed consent for their participation.
Physical Examination and Familiarization Period
A general health questionnaire including questions about pain, surgery, and other medical conditions was used. Touch-pressure sensation was assessed with calibrated Semmes-Weinstein monofi laments (poor to moderate inter-rater reliability, ICC from .18-.58; Collins,Visscher, De Vet, Zuurmond, Perez, 2010 ) . Proprioception was evaluated using an 'up or down' segment position of the foot and the big toe. Vibration detection was tested with a 128-Hz tuning fork ( Kokmen, Bossemeyer, Barney, & Williams, 1977 ; Meijer, Smit, Lefrandt, van der Hoeven, Hoogenberg, & Links, 2005 ; moderate inter-rater reliability, ICC = .60-.70). The Berg Balance Scale was used to evaluate balance (high inter-rater reliability, ICC = .97 (95% CI = .96, .98); Berg, Wood-Dauphinee, & Williams, 1995 ; Downs, Marquez, & Chiarelli, 2013 ) . To assess lower limb dominance, participants were asked which leg they would use to kick a ball.
Before the experiment, participants familiarized themselves with the split-belt treadmill. This 10 min. familiarization period also enabled the participants to determine a self-selected gait speed ( Chang, Shaikh, & Chau, 2009 ).
Assessment of the Perception Threshold of Locomotor Symmetry
Participants were asked to walk on an instrumented split-belt treadmill (Bertec FIT) with the two belts running at diff erent speeds. Their perception threshold of locomotor symmetry was assessed at two gait speeds: 1 m/sec. and a self-selected gait speed. The order of the two conditions was randomized across participants. To identify the perception threshold of locomotor symmetry, the method of limits with ascending and descending series was used for each speed condition ( Ghozlan & Widlocher, 1993 ; Ehrenstein & Ehrenstein, 1999 ) . The ascending series consisted of an initial stimulus (i.e., belt-speed diff erence) too weak to be detected; the stimulus was then gradually increased until the participants reported that they were aware of it. Conversely, during the descending series, the stimulus started high, where it was easily perceived, and then was gradually decreased until it became imperceptible. Figure 1 illustrates the experimental protocol, which was the same for both speeds. The participants fi rst walked with both belts running at the same speed for 1 min. (baseline period). The participants then executed the two ascending and descending series. During the ascending series, both belts initially started at the same speed (1 m/sec. or a self-selected gait speed) and then the speed of the belt under the dominant leg was increased by a step of 0.01 m/sec. every 5 sec., until the participants reported that they perceived themselves as walking asymmetrically. The verbal instruction given to the participants was as follows: "Tell us when you feel a diff erence between both legs when you are walking." Conversely, during the descending series, the belts initially started at diff erent speeds and then the speed of the belt under the dominant side was decreased by a step of 0.01 m/sec. every 5 sec., until the participants reported that their gait was symmetrical. The initial belt speed asymmetry level in the descending series was fi xed at double the speed of the perception threshold detected by the participant during the ascending series. The verbal instruction given to participants during the descending series was: "Tell us when you feel that both legs are walking the same way." Participants were only informed that the asymmetry between the belt speeds would increase (ascending series) or decrease (descending series). Participants did not know which belt would change or if both belts would change.
Between each ascending and descending series, a washout period was imposed. During these washout periods, participants walked with both belts running at the same gait speed until they reported that their gait was the same as usual (for at least 2 min.). These washout periods were necessary because walking with belts running at diff erent speeds has been shown to result in gait adaptation that persists after the perturbation ( Reisman, Block, & Bastian, 2005 ) . After the fi rst ascending series, participants also had to respond to the following question: "What kind of information did you use to judge your locomotor symmetry?" For all gait conditions on the treadmill, two handrails were fi xed on each side of the treadmill to prevent falls. During the experiment, participants were asked not to look down and were instructed not to touch the handrails during the recording periods. Furthermore, a physical therapist verifi ed the position of the feet to ensure that participants did not cross their feet on the belts, e.g., if the left foot was too close to the right belt, the physical therapist said: "left foot left." The speed and acceleration of the belts were controlled by a custom-made application designed in NI Lab-VIEW 2009 SP1, which allowed for belt speed and acceleration increases by minimal step increments of 0.01 m/sec. and 0.01 m/sec. 2 , respectively. Finally, an emergency button was available to stop the treadmill at any time, without any delay.
Data Collection
The instrumented split-belt treadmill (Bertec FIT) recorded the three components of the ground reaction force at 600 Hz during the baseline period and during the ascending and descending series. These data allowed for the determination of temporal gait parameters, such as stance and double-support time, using a custom-made application designed in NI LabVIEW 2009 SP1, using the Teager-Kaiser energy operator method to determine gait cycles ( Solnik, Rider, Steinweg, DeVita, & Hortobagyi, 2010 ) . The speed of each belt was also recorded during the experiment at a mean frequency of 15 Hz. For the baseline period, data were analyzed after 30 sec. of walking.
FIG. 1. Schematic illustration of the sequence of each walking condition on the split-belt treadmill. The grey zones correspond to washout periods. D and ND refer to the belt under the dominant and non-dominant leg, respectively. This experimental protocol was repeated using two diff erent gait speeds (1 m/sec. and a self-selected gait speed).
Analyses
Stance time refers to the total duration that the foot is in contact with the ground. Double-support time is defi ned as the time when both feet are in contact with the ground. In this paper, right double-support time refers to the double-support time when the right foot is in front of the left foot (i.e., from right heel strike to left toe-off ). The perception threshold of locomotor symmetry was calculated using the absolute diff erence between each side (fast belt-slow belt) and the ratio of the slow belt to the fast belt. A ratio of 1.0 indicates a tied-belt condition. Therefore, the more significant the diff erence is between belt speeds, the smaller the asymmetry ratio will be. For the gait parameters at the perception threshold, temporal parameters (stance time and double-support time) and the vertical and antero-posterior (A-P) peak values of the ground reaction forces (GRF) were averaged for fi ve consecutive gait cycles and then expressed as ratios (value of the slow belt/fast belt) as recommended by Patterson, et al . (2010 ) . P1 and P2, which respectively correspond to the maximal values reached at weight acceptance and push-off , were analyzed for the A-P component of the GRF. The maximal value during these same gait events, identifi ed as P1 and P2, were used for the vertical GRF. Data for peak GRF were presented because it is information that individuals could use to perceive the threshold of locomotor symmetry. Indeed, modifi cation of actual body loading could be perceived by participants via diff erent mechanisms, such as sense of eff ort or aff erent input from load receptors ( Jensen, et al ., 1998 ) .
The normal distribution of the variables, perception threshold (absolute diff erences and ratios), and gait parameters (temporal and GRFs ratios) were assessed via the Kolmogorov-Smirnov test. Equality of variance was assessed using Levene's test. Paired Student's t tests and intraclass correlation coeffi cients (ICC) using an absolute agreement defi nition with a 95% confi dence interval were respectively used to assess the diff erence and correlation between the two trials of the same condition (i.e., ascending series and descending series). Since there was no signifi cant diff erence and because a good correlation (ICCs = .79-.90) existed between the trials, the mean value of the two trials was used for all subsequent analyses. The infl uence of the gait speed (imposed versus self-selected) and series (ascending versus descending) on the perception thresholds was assessed via two-way repeated-measures analyses of variance (ANOVAs). The relationship between the self-selected gait speed and the perception threshold was assessed using Pearson correlation coeffi cients. ICCs using an absolute agreement defi nition were also used to examine the relationship between the ascending and descending series trials. The relationship between the symmetry belt speed ratios and the symmetry gait parameter ratios was assessed by Pearson correlation coeffi cients. Gait parameter symmetry ratios at baseline and at the perception threshold were compared using paired Student's t tests. All statistics were performed using SPSS Version 20 software with the level of signifi cance set at .05.
RESULTS
All participants satisfi ed the eligibility criteria for the study. The mean self-selected gait speed on the treadmill was 1.25 m/sec. ( SD = 0.1), and all participants scored 56/56 on the Berg Balance Scale. Furthermore, participants perceived the vibration of the 128-Hz tuning fork for a mean 10.45 sec. ( SD = 4.1), felt the #4.31 Semmes-Weinstein monofi lament, and scored ≥ 8/10 for the proprioception test. These values are normal for this age group ( Kokmen, et al ., 1977 ; Berg, 1989 ; Richardson, 2002 ; Bohannon & Andrews, 2011 ) . Figure 2 presents the perception thresholds of locomotor symmetry in both self-selected and imposed gait speed that gradually ascended or descended. As can be seen in the fi gure, detections of symmetry/asymmetry occurred when the ratio of speed was 0.85 and 0.88, which correspond to absolute belt speed diff erences of 0. The left graph presents the mean absolute diff erences (m/sec.) and one standard deviation between the fast (dominant) and slow (non-dominant) belts at the perception threshold. A diff erence of 0 indicates a tiedbelt condition. The right graph shows the mean symmetry ratios (slow belt/fast belt) at the perception threshold. A symmetry ratio of 1 indicates a tied-belt condition. *Signifi cant diff erence between the perception threshold during the ascending and descending series ( p < .05). No signifi cant diff erence was found between the perception thresholds for the two gait speeds (1 m/sec. vs self-selected gait speed).
No statistically signifi cant correlation was found between the selfselected gait speed and the perception threshold ( r ≤ .22). Also, a two-way repeated-measures ANOVA revealed that the perception threshold of locomotor symmetry was not signifi cantly diff erent between the 1 m/sec. speed and the self-selected speed for the symmetry ratio ( F 1, 15 = 0.43, p = .52, eff ect size r = .16) or for the absolute diff erences ( F 1, 15 = 2.01, p = .18, eff ect size r = .34). Subsequent analyses will therefore be presented only for the self-selected gait speed condition.
The perception threshold of locomotor symmetry diff ered between the ascending and descending series in both the symmetry ratio ( F 1, 15 = 4.93, p = .04, eff ect size r = .50) and the absolute diff erences ( F 1, 15 = 4.66, p = .05, eff ect size r = .49) of the belt speed ( Fig. 2 ) . The diff erence between the fast and slow belts was smaller during the ascending series compared to the descending series (ratio: 0.88 ± 0.06 vs 0.85 ± 0.05 and diff erence: 0.19 ± 0.11 vs 0.23 ± 0.11 m/sec. for ascending and descending series, respectively). Despite these signifi cant diff erences, the ICC between the perception threshold for the ascending and descending series were high (ICC = 0.93, 95% CI = 0.43, 0.98; Fig. 3 ). Inter-subject variability of the perception threshold was higher for the absolute diff erences than for the symmetry ratios. Variation coeffi cients varied from 47% to 59% for the absolute diff erences compared to 7% for the symmetry ratios.
Participants described their subjective perception of their locomotor symmetry using diff erent sensory information. The subjective answers can be grouped into three main categories: temporal information (speed of the leg or stance time spent on one leg compared to the other), muscular ef- FIG. 3 . Relationship between belt speed ratios at the perception threshold during the ascending and descending series. The intra-class correlation coeffi cient was .93. The dotted diagonal line represents a perfect linear relationship between the conditions. fort, and balance. Four participants perceived their locomotor symmetry based on more than one category, e.g., one participant reported that he felt that his dominant leg moved faster and produced higher muscular eff ort than his non-dominant leg. Overall, 12/16 (75%) participants based their perception on temporal aspects, 6/16 (37.5%) on the diff erence in muscular eff ort between both legs, and 2/16 (12.5%) based their perception on balance. Table 1 presents the gait parameter symmetry ratios at the baseline and at the perception threshold for the ascending and descending series. The stance time ratios, P1 of the vertical GRF and P2 of the A-P GRF, diff ered signifi cantly between the baseline and the perception threshold for ascending series. For the descending series, stance time ratios, P1 of the vertical GRF and P1 and P2 of the A-P GRF, diff ered signifi cantly between the baseline and the perception threshold. As can be seen in Fig. 4 , only stance time signifi cantly correlated with the belt speed ratio, with Pearson correlation coeffi cients of −.80 for the ascending series and −.81 for the descending series.
DISCUSSION
The fi rst goal of this study was to determine the perception threshold of locomotor symmetry in healthy elderly individuals. The results revealed a mean perception threshold ratio at a self-selected speed of 0.88 and 0.85 during the ascending and descending series, respectively, which corresponds to respective belt speed diff erences of 0.19 and 0.23 m/sec. The perception threshold was higher during the descending series in line with previous reports ( Ghozlan & Widlocher, 1993 ; Ehrenstein & Ehrenstein, 1999 ; Nakatani, 2011 ) . This fi nding could be explained, in part, by an adaptive phenomenon. Previous study has shown that an abrupt perturbation will lead to a more signifi cant locomotor adaptation than a gradual perturbation ( Torres-Oviedo & Bastian, 2012 ) . In this study, the descending series consisted of an abrupt perturbation because the belt speed started with high asymmetry, whereas the ascending series corresponded to a gradual perturbation because the belts were initially running at the same speed and then were gradually increased. Therefore, in a descending series it is possible that individuals progressively adapt their gait pattern to reduce the lower limb asymmetry ( Reisman, et al ., 2005 ( Reisman, et al ., , 2007 Torres-Oviedo & Bastian, 2012 ) . This behavior might have caused them to feel more symmetrical than they really were, thus resulting in early detection of gait symmetry. This adaptative phenomenon probably did not aff ect the perception threshold during the ascending series since the perturbation was gradual. Moreover, psychophysics studies reported that descending series are generally less distinct than ascending series and that participants may fi nd it more diffi cult to perceive when the stimulus disappears (i.e., detect "normality"/symmetric gait) compared to when it appears (i.e., de- Note .-For the A-P component of the GRF, P1, and P2 respectively correspond to the maximal values reached at weight acceptance and at pushoff ; for the vertical component, the maximal values during the same gait cycle phases were identifi ed as P1 and P2. Statistical comparisons were done between baseline ratios and ascendant ratios and between baseline ratios and descendent ratios. A-P = anteroposterior; GRF = ground reaction forces, DS = double-support; ES = eff ect size r; *Signifi cant diff erence between conditions, p < .05.
tect a change/asymmetric gait) ( Goldberg & Lindblom, 1979 ; Duke, McEvoy, Sibbritt, Guest, Smith, & Attia, 2007 ) . Another objective was to determine the eff ect of gait speed on the perception threshold of locomotor symmetry. This was necessary because people with physical disabilities (e.g., after stroke) often walk at slower speeds than healthy individuals. Results showed that gait speed did not infl uence the perception threshold of locomotor symmetry. This fi nding is further strengthened by the fact that no correlation was found between the self-selected gait speed and the perception threshold. It is possible, however, that greater diff erences in gait speeds may lead to diff erent results.
In this study, the symmetry ratios (ascending and descending) of various gait parameters at the perception threshold were also examined in order to determine whether a specifi c gait parameter guided the participants' perception of locomotor symmetry. Many parameters were significantly diff erent between baseline and at the moment that the threshold FIG. 4 . Relationship between belt speed ratios and diff erent gait parameters at the perception threshold in ascending and decending series. Pearson correlation coeffi cients ( r ) are also presented on each graph. GRF = ground reaction forces; A-P = antero-posterior; P1 and P2 represent the fi rst and second peaks of the ground reaction forces. *Signifi cant correlation between belt speed ratio and stance time ratio ( p < .001).
was identifi ed. However, only the stance time ratio signifi cantly correlated with the belt speed ratio at the perception threshold. Previous studies have shown that stance time is directly controlled by the belt speeds, and consequently this parameter never adapts over time ( Reisman, et al ., 2005 ( Reisman, et al ., , 2007 . As reported by Reisman, et al . (2005 Reisman, et al . ( , 2007 , during a perturbation with the belts running at diff erent speeds changes in the stance time ratio are immediate and persist throughout the period of perturbation. The double-support time asymmetry, initially created during split-belt treadmill walking, progressively decreases during the period of perturbation ( Reisman, et al ., 2005 ( Reisman, et al ., , 2007 , as does the GRF (unpublished data from our laboratory). This adaptation could explain why these parameters did not correlate with the belt speed ratio at the perception threshold.
The fi nding that stance time asymmetry (or symmetry for the descending series) might be the criteria that participants used to identify the threshold is corroborated by the subjective information reported by participants; most participants (75%) reported using temporal information to judge their locomotor symmetry. The stance time symmetry ratios at the perception threshold were 1.05 and 1.06 for the ascending and descending series, respectively. These ratios are similar to the cut-off value recommended for discriminating symmetrical from asymmetrical individuals during gait by Patterson, et al . (2010 ) and Patterson, Nadkarni, Black, and McIlroy (2012 ) , thereby supporting this study's hypothesis.
A third objective of the present study was to quantify the inter-subject variability of the perception threshold of locomotor symmetry. As illustrated in Fig. 2 , the inter-subject variability was lower for the symmetry ratios compared to the absolute diff erences between belt speeds. The coeffi cients of variation varied from 47% to 59% for the absolute diff erences, whereas they were only 7% for the symmetry ratios. These results indicate very good inter-subject reproducibility of the perception threshold in terms of the symmetry ratio. Even though the inter-subject variability of locomotor symmetry perception was relatively high for the absolute diff erences, it is important to note that the intra-subject variability was low, as shown by the good inter-trial reliability found between the two trials of the same condition. Furthermore, a strong correlation was found for the perception threshold during the ascending and descending series (ICC = .93, 95%CI = .43, .98). All these observations attest to the good reproducibility of the participants' perceptions. The higher between-subject variability might be explained in part by the fact that participants used diff erent references to judge their symmetry during gait, as revealed by the subjective reports. Considering that all participants obtained normal scores in the sensitivity tests (light-touch pressure, proprioception, and vibration), their sensitivity status cannot explain the high level in between-subject variability.
The perception thresholds found in the present study may provide some clues for a split-belt treadmill protocol used in rehabilitation. Thus, studies with a split-belt treadmill showed that the strategy for re-educating locomotor symmetry is to run each side of the split-belt treadmill at a diff erent speed in order to exaggerate the person's step length asymmetry. The exaggerated error then forces the nervous system to make corrections. Therefore, the perception threshold of locomotor asymmetry could be the minimum ratio needed to create such an adaptation in the gait pattern. This information is important because until now, studies used an arbitrary ratio (usually 2:1) to restore step length asymmetry in stroke individuals. However, this ratio often induced a hypercorrection of the step length asymmetry, resulting in an asymmetrical step length on the contralateral side. Future studies with split-belt treadmills are needed to confi rm this hypothesis. Also, the fact that individuals based their perception on temporal information is clinically relevant. Therapists who work with populations aff ected by gait asymmetry must provide more retroaction about temporal parameters when they re-educate the gait pattern.
Limitations
One of the limitations of the present study is the number of participants ( n = 16). Furthermore, the between-subject variability was high. To use this perception threshold as a reference value, it is necessary to consider a defi cit in symmetry perception when the perception threshold is higher than two standard deviations of the mean value. Therefore, for a perception threshold during an ascending series, values lower than .76 could be considered as a defi cit in detecting the diff erence between limbs. Also, typical limitations in psychophysical studies are errors related to the psychophysical method. Two common types of bias are errors of habituation and expectation. In the present study, all precautions were taken to avoid these errors. The instructions were clear and a familiarization was allowed before testing. Furthermore, to reduce errors of expectation, the starting stimulus (initial level of asymmetry) in the descending series was set to double the threshold perceived during the preceding ascending series. Therefore, the level of initial asymmetry used in the descending series was not always the same, which is known to be the best way to reduce errors of expectation ( Gescheider, 1985 ) . Furthermore, belt speeds were unknown to the participants. In the present study, no signifi cant diff erence was detected between the two trials of the same condition. This confi rms that these biases did not aff ect participants' determination of the perception threshold. Also, other gait parameters (step length, net moments, etc.) not reported in the present study could be important in perceiving locomotor symmetry. Finally, a gait speed of 1.0 m/sec. is still faster than that the gait speed of many stroke individuals ( Patterson, et al ., 2012 ) . Therefore, one can argue that this could be a limitation of the present study as a reference value for this population. However, as previously mentioned, this study's results suggest that there is no gait speed eff ect on the perception threshold of locomotor symmetry.
Conclusion
As a group, the healthy elderly individuals perceived themselves as asymmetrical when the belt speed ratio was .88 and .85 in the ascending and descending series, respectively. The results also showed that initial gait speed did not aff ect the perception threshold of locomotor symmetry. The stance time ratio was highly correlated with belt speed asymmetry, suggesting that this factor should be considered when determining gait pattern symmetry. These data will be used in a future study to determine whether stroke participants adequately perceive their asymmetrical locomotor pattern.
